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This workshop is based on 
Crawley, E. F., Malmqvist, J., Östlund, S., & Brodeur, D. R. (2007). “Rethinking Engineering Education: The CDIO Approach.” New York: Springer.
In the workshop notes, it will be referred to as “Rethinking Engineering Education”.It is STRONGLY RECOMMENDED that workshop facilitators have at least one copy of this book -- and have read relevant parts.
The “Handbook: Materials To Supplement Slides”, referred to as “Handbook” in the slide notes, accompanies these slides. It should be reproduced for each workshop participant, along with the slides. Slides and handouts may be reproduced on double-sided pages, and spiral bound or inserted into 1.5 inch binders.
Other required materials:
3x5 ruled index cards in four colors - ideally enough so that each participant has one of each color
3” square or larger Post-It notes -- 1 pad per 5 participants
Easel with easel pad - at least one; two would be great
Masking tape
Felt-tip markers - wide enough for writing on easel pads - four colors
1 package of 3/4” adhesive circles in four colors (optional)
A deck of playing cards (optional)
Laser pointer (optional)



OUTLINE cdio

e What is CDIO?

e« Case: CDIO in Chalmers’ mechanical engineering
programme

 Impact of CDIO implementation on educational quality



WHAT IS CDIO? cdio

 An idea of what engineering students should learn
and how: To become “Engineers who can engineer”

« A methodology for engineering education reform: The
CDIO Syllabus and the 12 CDIO Standards

« A community: The CDIO Initiative with 120+
universities as members




THE IDEA IN CDIO cdio

WHAT SHOULD ENGINEERING STUDENTS
LEARN?

HOW SHOULD THEY LEARN IT?



THE PROFESSIONAL ROLE OF

ENGINEERS

” Scientists investigate that which already is.
Engineers create that which has never been.
- Theodore von Karmann

"What you need to invent, is an
Imagination and a pile of junk”
- Thomas Edison




THE CDIO DEFINITION cdio

"Engineers Conceive, Design, Implement and Operate
complex products and systems in a modern team-based
engineering environment”

ME -




THE C-D-I-O PROCESS

Lifecycle of a product, process, project, system, software,
material

C . customer needs,
technology, enterprise strategy,
regulations; and conceptual,
technical, and business plans

D . plans, drawings, and
algorithms that describe what will be
Implemented

I . transformation of the
design into the product, process, or
system, including manufacturing,
coding, testing and validation

@) : the implemented product or Duke University
process delivering the intended value,
Including maintaining, evolving and
retiring the system




FROM UNDERLYING NEED TO

PROGRAM LEARNING OUTCOMES cdio

Educate students who:

Understand how to conceive- Process
design-implement-operate
Complex products and Product 4 CDIO
systems
In a modern team-based = kgf\;:gg”gry 2. Personal 3ér'3”(t)izl
engineering environment g / /p‘
And are mature and thoughtful / -
individuals o

Self

The CDIO Syllabus - a comprehensive statement of detailed
goals for an engineering education
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Presentation Notes
Translating needs to goals is good engineering practice.

The underlying goals, stated earlier in this session, are translated into four major categories: technical, personal, interpersonal, and the product, process, system lifecycle (CDIO). These four categories will be used to outline the REQUIREMENTS document, that is, the CDIO Syllabus.




THE CDIO SYLLABUS 2.0

i i 1 Disciplinary Knowledge & Reasoning:
* A generallzed IISt Of 1.1 Knowledge of underlying mathematics and sciences
com petences that an 1.2 Core engineering fundamental knowledge
) 1.3 Advanced engineering fundamental knowledge,
engineer should possess methods and tools
2 Personal and Professional Skills

2.1 Analytical reasoning and problem solving

o Prog ram s p8C|f| C (1) an d 2.2 Eépégcgintatlon, investigation and knowledge
2.3 System thinking
general (2'4) 2.4 Attitudes, thought and learning
2.5 Ethics, equity and other responsibilities
. : 3 Interpersonal Skills
 Created and validated by 3.1 Teamwork
. 3.2 Communications
alumn I, facu |ty and 3.3 Communication in a foreign language
students . 4 CDIO of Complex Systems

4.1 External, societal and environmental context
4.2 Enterprise and business context
4.3 Conceiving, systems engineering and management

« A’complete” reference 4.4 Designing
4.5 Implementing
model 4.6 Operating

4.7 Leadership
4.8 Entrepreneurship

CDIO Syllabus contains 2-3 more layers of detall



. VISION FOR A CDIO-BASED

EDUCATION

An education that stresses the fundamentals, set in
the context of Conceiving — Designing —
Implementing — Operating systems and products:

 Clear, detailed programme learning outcomes that express a holistic view of
engineering

« A curriculum organised around mutually supporting courses, with CDIO
activities highly interwoven

 Rich with student design-build projects

* Integrating learning of professional skills such as teamwork and
communication

 Featuring active and experiential learning
« Taught by teachers with scientific, engineering and pedagogic competence

 Constantly improved through quality assurance process with higher aims
than accreditation


Presenter
Presentation Notes
This leads to the organization of the CDIO Themes:
Curriculum
Design-Build 
Teaching and Learning
Assessment


NEED FOR REFORM

Retask current assets and resources In:

- Curriculum
- Teaching and learning methods

- Design-implement experiences and engineering
workspaces

- Learning assessment methods
- Faculty competence
- Program evaluation

A systematic approach is needed to address these
Issues!


Presenter
Presentation Notes
Emphasize the idea of RETASK. Programs are not likely to have 25% more resources. They will have to use existing resources in a way that promotes increased student learning.

Use this as a pointer to the rest of the day:
Curriculum - Session 2
Teaching and learning methods -- Session 3
Design-implement experiences  - Session 4
Learning assessment methods - Session 5
Faculty competence - Session 6
Program evaluation is not addressed in this workshop.



THE CDIO EDUCATION DEVELOPMENT
METHODOLOGY



CDIO syllabus —
WHAT

CDIO standards —
HOW

CDIO curriculum
design process —
from WHAT to
HOW

CDIO standards
self-evaluation —
HOW WELL

1 Disciplinary Knowledge & Reasoning
1.1 Knowledge of underlying mathemalics and sciences
1.2 Core engineering fundamental knowledge
1.3 Advanced engineering fundamental knowledge, methods
and tocls

2 Personal and Professional Skills
2.1 Analytical reasoning and problem solving
2.2 Experimentation, invesiigation and knowledge discavery
2.3 System thinking
2.4 Aftitudes, thought and learning
2.5 Ethics, equity and other responsibilities

3 Interpersonal S
3.1 Teamwork
3.2 Communications
3.3 Communication in a foreign language

4 CDIO of Complex Systems
4.1 External, societal and envirenmental context
4.2 Enterprise and business context
4.3 Conceiving. systems engineering and management
4.4 Designing
4.5 Implementing
46 Operating
4.7 Leadership
4.8 Entrepreneurship

THE CDIO CURRICULUM DESIGN PROCESS

Gradual deaopran:
Jandiorinsintonsl &
changes

CDIO DEVELOPMENT METHODOLOGY

1. The Context
Adoption of the principle that product. Process, and system
lifecycle development and deployment are the context for
engineering education
2. Learning Outcomes
Specific. detailed learning outcomes for personal,
interpersonal, and product, process and system building
skills, consistent with program goals and validated by
program stakeholders
3. Integrated Curriculum
A curriculum designed with mutually supporting disciplinary
subjects, with an explicit plan to integrate personal,
interpersonal, and product, process, and system building
skills
4. Introduction to Engineering
An introductory course that provides the framewaork for
engineering practice in product. Process, and system
building, and introduces essential personal and
interpersonal skills
5. Design-implement Experiences
A curriculum that includes two or more design-implement
experiences, including one at a basic level and one at an
advanced level
6. Engineering Workspaces

and that support and

hands-on leaming of product, process, and system building,

disciplinary knewledge, and social leaming

cdio

7. Integrated Learning Experiences
Integrated leaming experiences that lead o the acquisition
of disciplinary knowledge, as well as personal, interpersonal,
and produc, process.t and system building skills

8. Active Learning

Teaching and learning based on active experiential learning
methods

9. Enhancement of Faculty Skills Competence

Actions that enhance faculty competence in personal,
interpersenal, and product and system building skills

10. Enhancement of Faculty Teaching Competence
Actions that enhance faculty competence in providing
integrated leaming experiences, in using aclive experiential
learning methods, and in assessing student leaming

1. Learning Assessment

Assessment of student leaming in personal, interpersonal
and product, process, and system building skills, as well as
in disciplinary knowledge

12. Program Evaluation

A system that evaluates programs against these 12
standards, and provides feedback to students, faculty, and
alher slakeholders for the purposes of continuous
improvement

15
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Program goal statement
based on CDIO syllabus
Curriculum based on CDIO
syllabus & standards
Course plans
Departmental aggreement

Revise program goals,
curriculum and course plans

Revise
departmental
agreement

Course evaluations
sss evaluations

Follow-up of departmental aggreement

Check [«

Program board meetings
‘Teacher meetings
Student - program
manager meetings

Teaching in
projects
and courses

Assessment
of learning
outcomes

Alumni survey
CDIO self-evaluation
Enrolment, retention

and graduation follow-up



THE 12 CDIO STANDARDS — THE

GUIDELINES FOR CDIO DEVELOPMENT cdio

) )
. CDIO as Context e - Integrated Learning
mioepd * CDIO Syllabus Learning Experiences
Outcomes " « Active Learning
« Integrated \ « Enhancement of Faculty
Curriculum P CDIO Skills
e Introduction to 9,10  Enhancement of Faculty
currcuium Engineering Teaching Skills
IS8 - Design-Build
Experiences ~ Y
* CDIO | e CDIO Skills Assessment
Workspaces Evaluation

11,12 « CDIO Program
Evaluation




CASE:

MECHANICAL ENGINEERING AT CHALMERS
UNIVERSITY OF TECHNOLOGY, SWEDEN



PLANNING THE CHANGE AT CHALMERS © cdio

ldentify needs &
opportunities for
change

Strengths + More
* Project-based courses

* Design courses

Weaknesses

* No design-build-test projects, lack of authenticity

« Employer requested better communication skills, project
leadership & initiative + More

* Poor links between maths and engineering subjects

Establish vision &
strategy

CDIO was selected as basis for a program vision & strategy

ldentify early
successes

4 year design-build-test competition-based projects were
focused (Formula Student, Autonomous vehicles)

Set up system for
measuring the
change

Self-assessment vs CDIO standards




=
DESIGN-IMPLEMENT EXPERIENCES cdio

Design-implement experiences are instructional events in
which learning occurs through the creation of a product,
process, or system

e Train authentic engineering and decision-making

 Provide the natural context in which to teach many
CDIO syllabus skills (teamwork, communications,
designing, implementing)


Presenter
Presentation Notes
Point out that design-implement experiences are not restricted to product development. They are equally applicable in engineering disciplines that focus more on processes or systems, e.g., chemical engineering or biological engineering.




DESIGN-BUILD-TEST PROJECT EXAMPLE edio

s Chalmers
@’/‘j Eco-Marathon Vera




A PLANNED LEARNING SEQUENCE

FOR DESIGN SKILLS

Year 1 Year 2 Year 3

Joint project in
Machine elements
&

Manuf technology
courses

Intro to

Mech Eng

Creative,
"conceptual” design

Design for manufacturing Redesign

Multiple objectives

Simple prototype
Qualitative

More advanced prototype
Some simulation
Company is customer

Prototype as needed
More simulation

Year 4

Mechatronics
project course

Automotive
eng project

Product
development
project

Creative design incl
business aspects
Cross-dept teams

Prototype
Simulation as needed
Company is customer



e 450 m2 facility where
students can build
prototypes

« Metal machining,
woodworking, rapid
prototyping, waterjet
welding, electronics,
composites (soon)

 Used Iin courses and
projects from year 1
to master thesis

[P Iy




INTEGRATED LEARNING EXPERIENCES - cdio

Integrated learning experiences develop both technical
knowledge and “generic” skills (communication,
teamwork, ethics, sustainabillity, etc)

—>
Acquisition of technical knowledge Development of generic skills

Source: Kristina Edstrom


Presenter
Presentation Notes
In architecture education young students enter as small architects that should grow into big(ger) architects
En engineering we have been focusing on the transfer of content and understated the professional development into engineers

We need both processes in parallel
The important thing is the meaningful integration:
Knowledge and skills give each other meaning!


INTEGRATED CURRICULUM YEAR 1-3 cdio

Year 1

. Common
Intro Mathematics Single-variable Linear Algebra Several-variable ; ;
75ECT Calculus 2.5 ECTS 75ECTS Calculug.7.5 ECTS com pUtatI_on labs in
mathematics,
Programk hg in CAD M p Mechanidg /nd Solid Mechak 5 and Solid i
Matlab 4.5 ECTS @ | Mechanics | Mechanics |1 | P rog ram m ng &
Intro to Mechanical Eng 7.5 ECTS @QO@@® | 7.5ECTS 7.5 ECTS @ engineering science
® Communications
Year 2
Mechanics and Solid Machine Elements Integrated Design and Manufacturing Project ® Teamwork
Mechanics 111 75ECTS 75ECTS
75ECTS /\ 000 . .
Materials Materials and Sustainable product Industri Eroduction ©® Sustainabili ty
7.5 ECTS Manufacturing development 4.5 E@@ | & Org 7S 0@
Technology Thermodynamics Industria_£conomics .
@ | 75€CTs @] 7.5ECTS @] 4EcTS ® Ethics
Year 3 Integrative project
Mechatronics Control Engineering Bachelor Thesis Project 15 ECTS ind esign &_
75ECTS 75ECTS c0® manufacturing

Fluid Mechanics7.5 Elective | 7.5 ECTS Elective Il 7.5 ECTS Mathematical Statistics
ECTS @ 7.5 ECTS




REFORMED MATHEMATICS

EMPHASIZING SIMULATIONS

 Motivate importance of
mathematics and applied
mechanics courses

* Realistic engineering
problems

Year 1 lab example
Analys av plan elastiska skiva med fyra hal

Berakna spanningskoncentrationsfaktorn. Avgér om spanningshdjningarna vid
halen samverkar. Symmetrier skall utnyttjas.

« Working method based
on modelling, simulation
& analysis

« MATLAB programming

 Visualization of
mechanical behaviour

g
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A SYSTEM FOR

CONTINUOUS IMPROVEMENT

Revise program Program description
description Course plans
and course plans Jointly taught projects
Sign the agreement Advishory board
for next year’s course Teachers meetings
delivery ACT PLAN Student — program
manag. meetings
ANNUAL
Course evaluations QUALITY
Class evaluations ASSURANCE
Follow-up of agreem.
. LOOP
ég:?;;;g;yem Teach in courses
Benchmarking CHECK DO an prOJectst.
Student results follow-up ssessment
Safet d health revi and examination of
atety and heafth review, learning outcomes

Study social review



A CULTURE OF CHANGE

CDIO basic CDIO
design & implementation
piloting

Pre CDIO CDIO planning

-2000

M2000 reform

* Project
courses

* More design

« Early eng
experiences

» Master-like
profiles

* No design-
build-test

2000-2001

Set project
goals
Concretize
CDIO
concept
Bench-
marking
Design-build-
test pilots

2001-2004

Prototyping
lab

Multiple
design-build-
test projects
Integrated
learning
3+2
education
structure
adapted

2004-2008

Mathematics
Sustainability
Bachelor
project
English on
master level

HSV
Excellence
center

2009-2013

Virtual
learning
environment
for math stat
Integrated
sustainability
Material
science
courses with
product focus

Set new
goals
Visiting
committee



CURRENT FOCUS cdio

e Entrepreneurship for the few and for the many
 New technologies

* Preparing for global collaboration and competition
e Ethics

e Blended learning

* Challenge-based learning experiences

« Composites fabrication



SOME RECOGNITION

The ME programme was evaluated as very g UNIVERSITETS-
high quality in the 2013 Swedish national St e
evaluation ‘

| | é’&%ﬁi‘
Engineering programme of the year 2012, T i
Swedish Industry Association 1
Center of excellence in higher education 2008, ﬁ

National Agency of higher education N

eeeeeeeeeeeeeeeeee
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EFFECTS OF CDIO IMPLEMENTATION ON
EDUCATIONAL QUALITY?



MOTIVES FOR ADAPTING CDIO

Poor alumni satisfaction

| 22 2015 CDIO survey,
Other, specify-:l 6.5 n= 47
]

Poor employability of graduates 6.5
Poor student satisfaction 1 10.9
Poor student retention T 10.9
Poor student recruitment T 10.9
Accreditation requirements T 15.2 —
Employer complaints of lacking skills among graduates T 326 —
Leading universities were doing CDIO T 45.7
Internationalization of education T 47.8 Focused
Needed approach to develop generic skills (teamwork, communication, ethics) 47.8 — in this
Community for collaboration T 52.2 prese ntation
Wanted to include more design and innovation in education T 58.7 —
Needed a systematic methodology for educational development T 71.7 _
Ambition to make engineering education more authentic T 71.7 _

0 20 40 60 80
Percentage Choosing Reason

Malmqvist, Hugo & Kjellberg, 2015



EFFECTS (SELECTED)

<
Strong agreement [Neutral agreement
J
Improved CDIO | " Improved faculty | Weakened maths &
L skills ) _ professional comp | science knowlegde
" : ) s a
Improved inter- Improved student
_ personal skills | L recruitment
a . ) (" )
Quality awards & Improved student
L recognition ) L retention
« ; D @ :
More collaboration Required large
. wotheruni's . Investments
« D ( - ] h
Improved Raised operating
personal skills L COSts )

-




APPLYING CDIO TO PREPARE FOR

ACCREDITATION REVIEW cdio

ITHABET™S EVALUATIVE CRITERION 3

« The ABET, EUR-ACE, ...
accreditation
standards/criteria are
“WHATS”, ie they do not
say how a particular criteria
should be addressed

ABET Criteria [SETNEIES CDIO

4. Continuous Documented processes that Stdd
« The CDIO standards are TPIVEMEN | st comen are e
“HOWS” which address cvaloation procebses to mprove
about ¥ of the ABET or e —
EUR-ACE requirements T




CDIO APPLICATION TO PREPARE FOR £ 43
ACCREDITATION (EXAMPLES) caio

Country University Discipline
USA US Naval Academy | Aerospace ABET
MIT Aerospace ABET
Australia Uni Sydney Electrical 2009 Engineers
Australia
Portugal ISEP Informatics | 2012 EUR-ACE
Singapore Singapore Chemical 2012 IChemE
Polytechnic
Nanyang Polytechnic | Aerospace |2013 ABET
Sweden Chalmers UT All 2013 HSV
Vietham Duy Tan Univ Software 2013 ... |ABET
(planned)




TO SUMMARIZE:

CDIO aims to educate students who are able to:

« Master a deeper working knowledge of the
technical fundamentals

« Lead in the creation and operation of new
products, processes, and systems

 Understand the importance and strategic impact of

Edward F. Crawley - Johan Malmqpist

research and technological development on el TSRS
society Rethinking
. Engineering
« To learn more, visit or read Fducation
Rethinking Engineering Education: The CDOApproac
The CDIO Approach, 2" ed by Crawley, Malmqvist, secnd o

Ostlund, Brodeur & Edstrom, 2014



Presenter
Presentation Notes
The next three slides offer an alternative to the information transfer model of education -- experiential learning.  This approach to learning will be explored in Session 3.

Refer to “Rethinking Engineering Education”, pp. 20 - 22. This is a key slide.  Be sure participants understand the CDIO goals. Focus on the first two; the CDIO approach tells us how to achieve these goals.

Engineering education should always emphasize the technical fundamentals. Nothing in the CDIO approach is meant to diminish the importance of the fundamentals or students’ need to learn them. Deep working knowledge and conceptual understanding are emphasized to strengthen the learning of technical fundamentals.
 This goal recognizes the need to prepare students for engineering.
 This goal recognizes that some students will not become practicing engineers, but will pursue careers as researchers in industry, government, and higher education. Despite different career interests, all students benefit from an education set in the context of product, process, and system development.



http://www.cdio.org

Thank you for listening!

Any questions or comments?
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